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$\dot{t}\frac{\partial u}{\partial t}=-\frac{1}{2}\triangle u+V(t, x)u$ , $u(s, x)=\varphi(x)$ (1)
$V(t, x)$ , $s\in \mathbb{R},$ $\varphi\in \mathcal{H}=L^{2}(\mathbb{R}^{d})$
, $\Vert u(t)\Vert_{\mathcal{H}}=\Vert\varphi\Vert,$ $t\in \mathbb{R}$ (1) $u(t)\in \mathcal{H}$ ,
$\mathbb{R}\ni t\mapsto u(t)\in \mathcal{H}$ , $U(t, s):\mathcal{H}\ni\varphi\mapsto u(t)\in \mathcal{H}$
Chapman-Kolmogorov
$U(t, s)U(s, r)=U(t, r)$ , $U(t, t)=1$
$(t, s)$ $\mathcal{H}$ . $U(t, s)$
(1) $\mathcal{H}=L^{2}(\mathbb{R}^{d})$ unitary propagator, $U(t, s)$ $E(t, s, x, y)$ (1)
$U(t, s) \varphi(x)=\int E(t, s, x, y)\varphi(y)dy$ .
, $s=0$ $s$ $E(t, x, y)=E(t, 0.x, y)$
( $V=0$ ) ,
$E_{0}(t, x, y)= \frac{e^{\mp\frac{i\pi d}{1^{4}}}}{|2\pi t^{d/2}}e^{i(x-y)^{2}’ 2t}$ , $\pm t>0$ . (2)
$($ $V(x)=\text{ ^{}2}/2$ $)$ , $m\pi<t<(m+1)\pi,$ $m\in \mathbb{Z}$
$E_{h}(t, x, y)= \frac{e^{-id(1+2m)\pi\prime 4}}{|2\pi\sin t|^{d/2}}e^{(i’\sin t)(\cos t(x^{2}+y^{2})\prime 2-x\cdot y)}$ (3)
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$t=m\pi$
$E_{h}(m\pi, x, y)=e^{-im\pi\prime 2}\delta(x-(-1)^{m}y)$ . (4)
, $V(t, x)=$
$x^{2}/2+W(t, x)$ $W(t, x)$ $|x|arrow\infty$ $W(t, x)=o(|x|^{2})$ , $W$
$\partial^{2}W(t, x)\geq C\langle x\}^{-\delta}$ , $\partial^{2}W(t, x)\leq-C\langle x\rangle^{-\delta}$
$0<\delta<1$ , $E(m\pi, x, y)$ $|x|arrow\infty$




$H(t, x,p)= \frac{1}{2}p^{2}+V(t, x)$
$\dot{x}=\partial_{p}H(t, x,p)=p$ , $\dot{p}=-\partial_{x}H(t, x,p)=-\nabla_{x}V(t, x)$ (5)
$x(s)=y,$ $p(s)=k$
$(x(t, s, y, k),p(t, s, y, k))$ .
$V(t, x)$
[3]
1([3]). $V(t, x)$ $x$ $c\infty$ , $\alpha$ $\partial_{x}^{\alpha}V(t, x)$ $(t, x)$
:
$|\partial^{\alpha}V(t, x)|\leq C_{\alpha}$ , $|\alpha|\geq 2$ (6)
, $T>0$ , $0<\pm(t-s)<T$ :
(1) $\mathbb{R}^{d}\ni k\mapsto x(t, s, y, k)\in \mathbb{R}^{d}$ . $x=x(t, s, y, k)$ $k$ $k^{*}$
, $(x(r),p(r))=(x(r, s, y, k^{*}),p(r, s, y, k^{*}))$ $x(t)=x,$ $x(s)=y$ (5)
$S(t, s, x, y)= \int_{s}^{t}(x(r)\cdot p(r)-H(r, x(r),p(r)))ds$ (7)
. $S$ $(t, s, x, y)$ $C^{1},$ $(x, y)$ $c\infty$ , (1)
Hamilton-Jacobi
$\partial_{t}S(t, s, x, y)+\frac{1}{2}(\partial_{x}S(t, s, x, y)-A(t, x))^{2}+V(t, x)=0$ , (8)
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$\partial_{s}S(t, s, x, y)-\frac{1}{2}(\partial_{y}S(t, s, x, y)+A(t, y))^{2}-V(t, x)=0$ (9)
. $S$ :
$| \partial_{x}^{\alpha}\partial_{y}^{\beta}(S(t, s, x, y)-\frac{(x-y)^{2}}{2(t-s)})|\leq C_{\alpha\beta}|t-s|$ , $|\alpha+\beta|\geq 2$ . (10)
(2) $E(t, s, x, y)$ :
$E(t, s, x, y)= \frac{e^{\mp d\pi i’ 4}}{|2\pi(t-s)|^{d’ 2}}e(t, s, x, y)e^{iS(t,s,x,y)}$ . (11)
, $e(t, s, x, y)$ $(x, y)$ $C^{\infty}$ , $\alpha,$ $\beta$ $\partial_{x}^{\alpha}\partial_{y}^{\beta}e(t, s, x, y)$
$(t, s, x, y)$ $C^{1}$ :
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}(e(t, s, x, y)-1)|\leq C_{\alpha\beta}|t-s|$ . (12)
(4) , (6) 1
$t-s$ , $V(t, x)$
, 1 $t,$ $s$ $V(t, x)$ 1
$\lim_{|x|arrow\infty}|\partial_{x}^{a}V(t, x)|=0$ , $|\alpha|=2$ . (13)
$Q(T, R)=\{(t, s, x, y):0<|t-s|<T, x^{2}+y^{2}\geq R^{2}\}$ .
2 ([10, 12]). $V(t, x)$ , $E(t, s, x, y)$ $t\neq s$
$(x, y)$ $C^{\infty}$ , $\alpha,$ $\beta$ $\partial_{x}^{\alpha}\partial_{y}^{\beta}E(t, s, x, y)$ $(t, s, x, y)$ $C^{1}$
. $T>0$ , $R>0$ :
(1) $x^{2}+y^{2}\geq R^{2}$ $(x, y)\in \mathbb{R}^{d}\cross \mathbb{R}^{d}$ $0<|t-s|<T$ $x(t)=x$ ,
$x(s)=y$ (5) $(t, s, x, y)\in Q(T, R)$
$S(t, s, x, y)$ (7)
(2) $Q(T, R)$ $E(t, s, x, y)$ (11) $e(t, s, x, y)$ 1
:
$\lim_{x^{2}+y^{2}arrow\infty}$
$|\partial_{x}^{\alpha}\partial_{y}^{\beta}(e(t, s, x, y)-1)|=0$ . $|\alpha|+|\beta|\geq 0$ .
, $V(t, x)$ $d=1$
$V(t, x)=V(x)$ $t$ , $E(t, x, y)$ 1 2
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3([10, 14]). $d=1,$ $V(t, x)=V(x)\in C^{3}$ , $c>2$ $C>0$ f
$|x|>R$
$V$ , $xV’(x)\geq cV(x)>0$ , $c>2$ , (14)
$|V^{(j)}(x)|\leq C\langle x\}^{-1}|V^{(j-1)}(x)|$ , $j=1,2,3$ . (15)
, $($ to, $x_{0},$ $y_{0})$ $E(t, x, y)$ $C^{1}$
. , $0<C_{1}<C_{2}<\infty$ Ci $\langle x\}^{k}\leq V(x)\leq C_{2}\langle x\rangle^{k}$
. $k>10$ , $E(t, x, y)$ $t$ $(x, y)$ .
(14) $xV’(x)\geq cV(x)>0$ , $x$ , $V(x)\geq$
$C|x|^{c}$ .
3 ,
$V(x)\sim C|x|^{2}$ , $V$
,
$V(x)= \frac{1}{2}x^{2}+W(t, x)$ , $W$ (16)
$t$
non-resonant time , $m\pi<t-s<(m+1)\pi,$ $m\in \mathbb{Z}$ ,
$W$ , (3) :
4([4]). $V$ $c\infty$ , (16) , $E(t, s, x, y)$ $m\pi<t-s<$
$(m+1)\pi,$ $m\in \mathbb{Z}$ $(x, y)$ $C^{\infty}$ , $\partial_{x}^{\alpha}\partial_{y}^{\beta}E(t, s, x, y)$ $(t, s, x, y)$ $C^{1}$
$0<\epsilon<\pi/2,$ $m\in \mathbb{Z}$ :
(1) $R>0$ $m\pi+\epsilon<t-s<(m+1)\pi-\epsilon,$ $x^{2}+y^{2}\geq R^{2}$ $(x, y)$
$t$ $x(t)=x_{f}x(s)=y$ (5) $(x(r),p(r))$
$S(t, s, x, y)$ . $S(t, s, x, y)$ :
$\lim_{x^{2}+y^{2}arrow\infty}\partial_{x}^{\alpha}\partial_{y}^{\beta}(S(t, s, x, y)-\frac{((\cos(t-s)(x^{2}+y^{2})-2xy)}{2\sin(t-s)})=0,$ $|a|+|\beta|\geq 2$ .
(2) $m\pi+\epsilon<t-s<(m+1)\pi-\epsilon,$ $x^{2}+y^{2}\geq R^{2}$
$E(t, s, x, y)= \frac{e^{-id(1+2m)\pi’ 4}}{|2\pi\sin(t-s)|^{d/2}}e^{iS(t,s,x,y)}e(t, s, x, y)$
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, $e(t, s, x, y)$ $(x, y)$ $c\infty$ , $\partial_{x}^{\alpha}\partial_{y}^{\beta}e(t, s, x, y)$
$(t, s, x, y)$ $C^{1}$ :
$\lim_{x^{2}+y^{2}arrow\infty}$
$\partial_{x}^{\alpha}\partial_{y}^{\beta}(e(t, s, x, y)-1)=0$ .
$t$ resonant time $t=m\pi,$ $m\in \mathbb{Z}$ ,
$W$ $arrow\infty$ , :
$\sup_{t\in \mathbb{R}}|\partial_{x}^{\alpha}W(t, x)|=o(1)$ , $|\alpha|=1$ .
$t=m\pi$
5 ([4, 1, 2]). $V=x^{2}/2+W(t, x)$ $W$ , $m\in \mathbb{Z}$ . ,
$E(m\pi+s, s, x, y)$
WF$xE(m\pi+s, s, x, y)=\{(-1)^{m}(y, \xi):\xi\in \mathbb{R}^{d}\backslash \{0\}\}$ .
$E(m\pi+s, s, x, y)$ $|x-y|arrow\infty$ : $N$ $C_{N}$
$|E(m\pi+s, s, x, y)|\leq C_{N}\langle x-y\rangle^{-N}$ , $|x-y|\geq 1$ . (17)
$W$ , :
$|\partial_{x}^{\alpha}W(t, x)|\leq C$, $|\alpha|=1$ .
6([11, 1, 2]). $W$ , $\delta(x-y)$ $t=m\pi$
. $W=a\langle x\rangle$ , $\hat{\xi}=\xi’|\xi|$
$WF_{x}E(m\pi, x, y)=\{(-1)^{m}(y+2am\hat{\xi}, \xi):\xi\in \mathbb{R}^{d}\backslash \{0\}\}$ ,
$E(m\pi, x, y)$ $|x-y|arrow\infty$ : $N$ $C_{N}$
$|E(m\pi, x, y)|\leq C_{N}\langle x-y\rangle^{-N}$ , $|x-y|\geq R$ . (18)
, $arrow\infty$ ,
, $E(m\pi, x, y)$ , $(x, y)$ :
$s=0$
7([11]). $V=x^{2}/2+W(t, x),$ $W$ , $\partial_{x}^{2}W=(\partial^{2}W/\partial_{Xj}\partial x_{k})$ ,
$0<\delta<1,0<C_{1}<C_{2}<\infty$ $($ $-\infty<C_{1}<C_{2}<0)$ :
$C_{1}\langle x\}^{-\delta}\leq\partial_{x}^{2}W(t, x)\leq C_{2}\langle x\rangle^{-\delta}$ , (19)
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. , $E(m\pi, x, y),$ $m\in \mathbb{Z}$ $(x, y)$ $C^{\infty}$
7 $E(m\pi, x, y)$ $|x-y|arrow\infty$
. (17), (18) ,
$E(m\pi, x, y)$ $W$
8([5]). $V(x)=x^{2}/2+W(t, x),$ $W(t, x)$ (19)
$m\in \mathbb{Z}$ $y\in \mathbb{R}^{d}$ , $0<a<b<\infty$ ,
$a\leq|x|\leq b$ $\chi(x)=1$ $\chi\in C_{0}^{\infty}(\mathbb{R}^{d}\backslash \{0\})$ , $R\geq 1$
$0<M_{1}<M_{2}$ :
$M_{1}R^{d\delta\prime(2-2\delta)} \leq(\int_{\mathbb{R}^{d}}|E(m\pi, x, y)|^{2}\chi(\frac{x}{R})^{2}\frac{dx}{R^{d}})^{1’ 2}\leq M_{2}R^{d\delta/(2-2\delta)}$ . (20)
9. $\delta$ $0$ 1 , $|x|arrow\infty$ $W(t, x)$ $2-\delta$ ,
$W(t, x)$ , $E(m\pi, x, y)$ $|x|arrow\infty$
$r(\delta)=d\delta/(2-2\delta)$
$0$
$\delta(x-y)=E(O, x, y)$ , $0$ $\mathbb{R}^{d}\cross \mathbb{R}^{d}$ Lagrange $\{(x,p)\in$
$\mathbb{R}^{d}\cross \mathbb{R}^{d}:x=y,p\in \mathbb{R}^{d}\}$ $(2\pi)^{-d\prime 2}dp$ $\Gamma$ $m\pi$
, $\Gamma$ $\{(x(m\pi, y, k),p(m\pi, y, k)):k\in \mathbb{R}^{d}\}$
. , $|k|arrow\infty$
$|p(m\pi, y, k)|\sim|k|$ , $|x(m\pi, y, k)|\sim|k|^{1-\delta}$
( 12 ) . (WKB ) $arrow\infty$ ,
$|E(m \pi, x, y)|\sim|\det(\frac{\partial x}{\partial k})|^{-12}\sim|k|^{d\delta\prime 2}\sim|x|^{d\delta\prime(2-2\delta)}$ .
: $\delta=0$ , $W=c\langle x\rangle^{2}$ $m\pi$ $V=x^{2}/2+W$
resonant $E(m\pi, x, y)$ $\delta=1$ ,
$W=c\langle x\}$ , $E(m\pi, x, y)$ $|x-y|\leq 2$cm
$C\langle x\rangle^{d\delta’(2-2\delta)}$ $\deltaarrow 1$
$|x|arrow\infty$ $|\xi|arrow\infty$
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10. 8 (1) $(0, \pi)$
$E(\pi, x, y)$ ,
, $E(t, x, y)$
,
11. [7] [7]
$ih \frac{\partial u}{\partial t}=(-\frac{h^{2}}{2}\Delta+\frac{1}{2}x^{2}+h^{\mu}W(x))u$,
$x(O)=y$ $x(m\pi)=x$ $S(x, y)$ $\mathbb{R}^{2d}\backslash$
$\{(x, (-1)^{m}x):x\in \mathbb{R}^{d}\}$ $C^{-1}\leq|a(x, y, h)|\leq C$ $a$
$E(m\pi, x, y)=h^{-d(1+\nu)\prime 2}a(x, y, h)e^{iS(x,y)\prime h},$ $\nu=\mu(1-\delta)$ ,




$t=m\pi,$ $m\in \mathbb{Z}$ $U(t, 0)$
Fourier
$U(t, 0)u(x)= \lim_{\epsilon\downarrow 0}\int_{\mathbb{R}^{d}}\frac{i^{-(m+1)d}e^{ix\xi-i\tilde{\varphi}(t,\xi,y)-\epsilon\xi^{2}}a(t,\xi,y)}{(2\pi)^{d}|\cos t|^{d\prime 2}}u(y)dyd\xi$ (21)
([12])
$(y, k)\mapsto(x,p)=(x(t, y, k),p(t, y, k))$ (22)
$\varphi(t, \xi, y),$ $(\partial_{\xi}\varphi)(t,p(t, y, k), y)=x(t, y, k),$ $(\partial_{y}\varphi)(t,p(t, y, k), y)=k$ $p^{2}+y^{2}$
$(x(t),p(t))=(x(t, y, k),p(t, y, k))$
$(x(t),p(t))$
$x(t)=y \cos t+k\sin t-\int_{0}^{t}\sin(t-s)\partial_{x}W(s, x(s))ds$ , (23)
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$p(t)=-y \sin t+k\cos t-\int_{0}^{t}\cos(t-s)\partial_{x}W(s, x(s))ds$ . (24)
$W$ $|\dot{x}|+|\dot{p}|\leq C(1+|x|+|p|)$ ,
$e^{-C|t|}(1+|y|+|k|)\leq(1+|x(t)|+|p(t)|)\leq e^{C|t|}(1+|y|+|k|)$ .
(23), (24) , $W$ , $y^{2}+k^{2}arrow\infty$
, $t$
$|x(t)-(y\cos t+k\sin t)|=o(|y|+|k|)$ , (25)
$|p(t)-(-y\sin t+k\cos t)|=o(|y|+|k|)$ (26)
$m\in \mathbb{Z}\backslash \{0\},$ $0<\epsilon<\pi/2,$ $I=[m\pi-\epsilon,$ $m\pi+\epsilon|$ .
(24) $k$ , $y,$ $k$ Gronwall
(a) $\alpha,$ $\beta$ $R^{2}=y^{2}+k^{2}arrow\infty$ $\Vert\partial_{y}^{\alpha}\partial_{k(\partial_{kp(t)-\cos t)\Vert}}^{\beta}arrow 0$
. $I$ $|\cos t|\geq\cos\epsilon$ $\mathbb{R}^{d}\cross \mathbb{R}^{d}$
$(y, k)\mapsto(y,p(t, y, k))$ ([4]) ,
(b) $R>1$ , $t\in I$ $\xi^{2}+y^{2}\geq R^{2}$ $\xi,$ $y\in \mathbb{R}^{d}$ ,
$p(t, y, k)=\xi$ $k\in \mathbb{R}^{d}$
$x(O)=y,$ $p(t)=\xi$ (5) , $t\in I$
$\xi^{2}+y^{2}>R^{2}$ $k$
$\varphi(t, \xi, y)=x(t, y, k)\cdot\xi-\int_{0}^{t}L(s, x(s, y, k),\dot{x}(s, y, k))ds$, (27)
, $L(t, x, v)=v^{2}/2-x^{2}\prime 2-W$ $H(t, x,p)$
. $\varphi$ $\xi^{2}+y^{2}\geq R^{2},$ $t\in I$ (22) . $t\in I$
, $\varphi(t, \xi, y)$ $U(t, 0)$ (21)
( [12] ) $\tilde{\varphi}(t, \xi, y),$ $a(t, \xi, y)$ $(\xi, y)$ $c\infty$ ,
$\partial_{\xi}^{\alpha}\partial_{y}^{\beta}\tilde{\varphi}(t, \xi, y),$ $\partial_{\xi}^{\alpha}\partial_{y}^{\beta}a(t, \xi, y)$ $(t, \xi, y)$ $C^{1}$ , $\tilde{\varphi}$ $\varphi(t, \xi, y)$
$\xi^{2}+y^{2}\geq R^{2},$ $t\in I$ , $\tilde{\varphi}(t, \xi, y)=\varphi(t, \xi, y)$
. $a(t, \xi, y)$
$\lim$ $\sup|\partial_{\xi}^{\alpha}\partial_{y}^{\beta}(a(t, \xi, y)-1)|=0$ (28)
$\xi^{2}+y^{2}arrow\infty t\in I$
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(21) $E(t, x, y)$ :
$E(t, x, y)= \lim_{\epsilon\downarrow 0}\int_{\mathbb{R}^{d}}\frac{i^{-(m+1)d}e^{ix\xi-i\overline{\varphi}(t,\xi,y)-\epsilon\xi^{2}}a(t,\xi,y)}{(2\pi)^{d}|\cos t|^{d\prime 2}}d\xi$. (29)
(29) $C^{\infty}$- $\lim_{\epsilonarrow 0}$ $e^{-\epsilon\xi^{2}}$
$W$ (29) 8
$\varphi(\pi, y, \xi)$ : $m=1$ .
12. $W$ (19) . $L>0$ , $R>0$ ,
$|\xi|\geq R,$ $|y|\leq L$
$C_{1}|\xi|^{1-\delta}\leq|\partial_{\xi}\varphi(\pi, y, \xi)|\leq C_{2}|\xi|^{1-\delta}$ , (30)
$|\partial_{\xi}^{\alpha}\varphi(\pi, y, \xi)|\leq C|\xi|^{-\delta}$ , $|\alpha|\geq 2$ . (31)
$C_{1},$ $C_{2},$ $C>0$
. $\partial^{2}W(t,$ $x)$ (25) $|x(t)|\leq C(1+|k|)$
$|\partial_{x}W(t, x)|\leq C\langle x\rangle^{1-\delta}$ , (23) , $k$
$|x( \pi, y, k)|\leq|y|+\int_{0}^{\pi}|\partial_{x}W(t, x(t))|dt\leq C|k|^{1-\delta}$
(23) $k$
$\partial_{k}x(t)=\sin t-\int_{0}^{t}\sin(t-s)(\partial_{x}^{2}W)(s, x(s))\partial_{k}x(s)ds$ (32)
Gronwall $\Vert\partial_{k}x(t)\Vert\leq C,$ $0\leq t\leq\pi$ . (32) iterate $t=\pi$
$\partial_{k}x(\pi)=-\int_{0}^{\pi}\sin^{2}t(\partial_{x}^{2}W)(t, x(t))dt$
$- \int_{0}^{\pi}dt\int_{0}^{t}ds\sin t\sin(t-s)\partial_{x}^{2}W(t, x(t))\partial_{x}^{2}W(s, x(s))\partial_{k}x(s)$ . (33)
$W$ $C>0$
$C\langle k\rangle^{-\delta}\leq C\langle x\rangle^{-\delta}\leq(\partial_{x}^{2}W)(t, x(t))$
, (33)
$\int_{0}^{\pi}\sin^{2}t(\partial_{x}^{2}W)(t, x(t))dt\geq C\langle k\rangle^{-\delta}$ (34)
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2 $\Vert\partial_{k}x(t)\Vert\leq C$
$C \int_{0}^{\pi}dt\int_{0}^{t}ds\Vert\partial_{x}^{2}W(s, x(s))\Vert\Vert\partial_{x}^{2}W(t, x(t))\Vert=\frac{C}{2}(\int_{0}^{\pi}\Vert\partial_{x}^{2}W(t, x(t))\Vert dt)^{2}$
$\int_{0}^{\pi}\Vert\partial_{x}^{2}W(s, x(s))\Vert ds$ , $|k|$ ,
$[0, \pi]$ $I_{1}=\{t\in[0, \pi]:|x(t)|<\epsilon|k|\}$ $I_{2}=\{t\in[0, \pi]:|x(t)|\geq\epsilon|k|\}$
$\int_{I_{2}}\Vert\partial_{x}^{2}W(s, x(s))\Vert ds\leq C\langle k\rangle^{-\delta}$ .
, $I_{1}$ 2 , $C,$ $a$ $|x(t)|\geq$
$C|k||t-a|$ ([12], Lemma 2.1, Lemma 2.2 ) ,
$\int_{I_{1}}\Vert\partial_{x}^{2}W(s, x(s))\Vert ds\leq C\int_{a-\pi}^{a+\pi}(1+|k||t-a|)^{-\delta}dt\leq C|k|^{-\delta}$
, $|$ $|\leq C\langle k\rangle^{-2\delta}$ . $\hat{k}=k/|k|$
$x( \pi, y, k)=x(\pi, y, 0)+\int_{0}^{|k|}\partial_{k}x(\pi, y, s\hat{k})\hat{k}ds$ .
$\hat{k}$ , (34) $|$ $|\leq C\langle k\}^{-2\delta}$ , $k$
$|x( \pi, y, k)\cdot\hat{k}|=|x(\pi, y, 0)\cdot\hat{k}+\int_{0}^{|k|}x_{k}(\pi, y, s\hat{k})\hat{k}\cdot\hat{k}ds|$
$\geq C(|k|^{1-\delta}-|k|^{1-2\delta})-C_{2}\geq C|k|^{1-\delta}$ .
, $|x(\pi, y, k)|\geq C|k|^{1-\delta}$ $R$ $\xi=p(\pi, y, k)$ , (26)
$|k|\sim|\xi|$ , ,
$C_{1}\langle\xi\rangle^{1-\delta}\leq|(\partial_{\xi}\varphi)(\pi, \xi, y)|=|x(\pi, y, k)|\leq C_{2}\langle\xi\}^{1-\delta}$
(30) (31)
3
$\tilde{\varphi}$ $|\partial_{\xi}^{\alpha}\varphi(\pi, \xi, y)|\leq C|\xi|^{-\delta-|\alpha|}$ $|\xi|arrow\infty$
$|\xi|^{-1}$ , 8
$|E(m\pi, x, y)|\sim C|x|^{d\delta\prime(2-2\delta)}$
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$\tilde{\varphi}$
$I(R)= \frac{1}{R^{d}}\int_{\mathbb{R}^{d}}|\chi(\frac{x}{R})E(\pi, x, y)|^{2}dx$ . (35)
$\pi,$ $y$ , $\tilde{\varphi}=\varphi$ . (35)
$E(x, y)=(-2 \pi)^{-d}\int e^{ix\cdot\xi-i\varphi(\xi)}a(\xi)d\xi$
$x$
$I(R)= \frac{1}{(2\pi)^{d}}\int\hat{\chi}_{2}(R(\eta-\xi))e^{i(\varphi(\eta)-\varphi(\xi))}a(\xi)\overline{a(\eta)}d\xi d\eta$ ,
$\chi_{2}(x)=\chi^{2}(x)$ $\hat{f}$ $f$ $\eta=\zeta+\xi$ ,
$a( \xi+\zeta)=\sum_{|\alpha|\leq N}\frac{1}{\alpha!}\zeta^{\alpha}a^{(\alpha)}(\xi)+\sum_{|\alpha|=N+1}\frac{1}{\alpha!}\zeta^{\alpha}b_{\alpha}(\xi, \zeta)$
Taylor . $I(R)$ $B_{N}(R)$ :
$\int\int\hat{\chi}_{2}(R\zeta)\zeta^{\alpha}e^{i(\varphi(\xi+\zeta)-\varphi(\xi))}a(\xi)\overline{b_{\alpha}(\xi,\zeta)}d\xi d\zeta=\int e^{-i\varphi(\xi)}a(\xi)I(\xi, R)d\xi$ ,
$I( \xi, R)\equiv\int e^{i\varphi(\xi+\zeta)}\hat{\chi}_{2}(R\zeta)\zeta^{\alpha}\overline{b_{\alpha}(\xi,\zeta)}d\zeta$.
$\ell\in \mathbb{N}$ $\ell(1-\delta)>d$ , $I(\xi, R)$ $\ell$ $|\partial_{\xi}\varphi|$
$C|\xi|^{1-\delta}\leq|\partial_{\xi\varphi(\xi)1}$
$|\partial_{\xi}^{\alpha}\varphi(\xi)|\leq C|\xi|^{-\delta},$ $|\alpha|\geq 2$
$\hat{\chi}$ $|I(\xi, R)|\leq R^{-N-1-d+\ell}\langle\xi\}^{-\ell(1-\delta)}$ ,
$|B_{N}(R)| \leq\frac{C}{R^{N+d+1-\ell}}\int|a(\xi)|\langle\xi\rangle^{-\ell(1-\delta)}d\xi\leq\frac{C’}{R^{N+d+1-p}}$






$N$ $(N+1)\delta>d$ $|\Psi(\xi, \zeta)|\leq C\langle\xi\rangle^{-\delta}\langle\zeta\rangle^{\delta}|\zeta|^{2}$ $A_{\alpha}$
, $L$ , $C_{LN}$
$C_{LN} \int\int\langle R\zeta\}^{-L}|\zeta|^{2(N+1)+|\alpha|}\langle\xi\}^{-(N+1)\delta}\langle\zeta\rangle^{(N+1)\delta}d\xi d\zeta$
$L>(N+1)(2+\delta)+|\alpha|+d+1$ , $\leq CR^{-(d+|\alpha|+2N+2)}$
. :
$\int(\int e^{i\zeta\cdot\partial_{\xi}\varphi(\xi)}\hat{\chi}_{2}(R\zeta)\zeta^{\alpha}(i\Psi(\xi, \zeta))^{m}d\zeta)a(\xi)\overline{a^{(\alpha)}(\xi)}d\zeta d\xi$.
1 $\Psi(\xi, \zeta)$ $\zeta$ $(\Psi=\varphi(\xi+\zeta)-\varphi(\xi)-\zeta\partial\varphi(\xi)$
) Taylor , $\Psi(\xi, \zeta)^{m}$ .









$|\xi|arrow\infty$ , (30) $|\partial_{\xi\varphi(\xi)1\sim}|\xi|^{1-\delta}$ , (28) $a(\xi)arrow 1$
, (36) $\sim CR^{d\delta/(1-\delta)}$ .
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